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1. INTRODUCTION {#edm2126-sec-0001}
===============

Type 2 diabetes mellitus (T2D) is associated with a number of lipid abnormalities, including high triglycerides, low high‐density lipoprotein cholesterol (HDL‐C), increased low‐density lipoprotein cholesterol (LDL‐C) oxidation and glycation[^1^](#edm2126-bib-0001){ref-type="ref"}---all of which increase the risk of atherosclerotic cardiovascular disease (ASCVD).[^2^](#edm2126-bib-0002){ref-type="ref"} While statins remain the key lipid‐lowering medications to reduce the risk of atherosclerosis‐related complications in patients with diabetes,[^3^](#edm2126-bib-0003){ref-type="ref"}, [^4^](#edm2126-bib-0004){ref-type="ref"}, [^5^](#edm2126-bib-0005){ref-type="ref"} lipid‐modifying therapies that primarily impact triglycerides and HDL‐C have also been commonly used in patients with diabetic dyslipidaemia. However, the evidence for the use of drugs that target these lipid fractions is substantially less robust than medications that lower LDL‐C,[^6^](#edm2126-bib-0006){ref-type="ref"}, [^7^](#edm2126-bib-0007){ref-type="ref"}, [^8^](#edm2126-bib-0008){ref-type="ref"} although notably one recent trial showed significant cardiovascular benefit with icosapent ethyl (a type of omega‐3 fatty acid that lowers triglycerides).[^9^](#edm2126-bib-0009){ref-type="ref"} For the time being, both US and European diabetes practice guidelines recommend medical therapy for hypertriglyceridaemia to be reserved for patients with substantially elevated triglycerides (\>2.3 mmol/L) to reduce the risk of pancreatitis and not for ASCVD risk reduction,[^10^](#edm2126-bib-0010){ref-type="ref"}, [^11^](#edm2126-bib-0011){ref-type="ref"} given the negative trial results for fibrates[^6^](#edm2126-bib-0006){ref-type="ref"}, [^7^](#edm2126-bib-0007){ref-type="ref"} and fish oil.[^8^](#edm2126-bib-0008){ref-type="ref"}, [^12^](#edm2126-bib-0012){ref-type="ref"} Furthermore, niacin as a treatment for low HDL‐C is no longer recommended given the negative results of two large clinical trials.[^13^](#edm2126-bib-0013){ref-type="ref"}, [^14^](#edm2126-bib-0014){ref-type="ref"} It is unknown how these medications are currently used in patients with T2D---both for primary and secondary prevention of ASCVD. Given the unique aspects to diabetic dyslipidaemia and the underlying atherosclerotic risk of patients with diabetes, exploring the contemporary use of non‐LDL‐C lipid medications in these patients may provide important insights.

2. METHODS {#edm2126-sec-0002}
==========

2.1. Patient population {#edm2126-sec-0003}
-----------------------

The data source for this analysis was the Diabetes Collaborative Registry (DCR), a US quality improvement registry designed to describe the outpatient care of diabetes through the spectrum of primary and specialty care.[^15^](#edm2126-bib-0015){ref-type="ref"} Patient data, including laboratory data, are extracted from electronic health records from 2014 to 2016 with the most recent visit used. We restricted the analysis to patients with T2D and available lipid levels. Because registry participation requires no data collection beyond that of the routine clinical care and due to the de‐identified nature of the collected information, waiver of written informed consent and authorization for this study was granted by Chesapeake Research Review Incorporated.

2.2. Statistical analysis {#edm2126-sec-0004}
-------------------------

We examined the use of fibrates, niacin and fish oil (documented in the health record) in the following groups: overall, ASCVD (coronary artery disease, peripheral artery disease, cerebrovascular disease) versus no ASCVD, statin versus no statin, according to different triglyceride levels, and over time. The last patient visit was used for analysis. To examine use over time, the last patient visit in each quarter was used. We compared demographics, comorbidities and lipid levels for those patients on versus not on each of the medications using standardized differences (\>10% difference is considered clinically relevant). All analyses were performed with SAS version 9.4 (SAS Institute).

3. RESULTS {#edm2126-sec-0005}
==========

Among 942 269 adults with T2D enrolled in DCR, lipid levels were available for 382 921 patients (40.6%), who formed the analytic cohort. Patients with lipid data were more likely to be older and with ASCVD (Table [S1](#edm2126-sup-0001){ref-type="supplementary-material"}). Mean age of the analytic cohort was 68.5 ± 11.7 years, 56.6% were men, mean body mass index was 32.0 ± 6.9 kg/m^2^, and 68.7% had established ASCVD (Table [1](#edm2126-tbl-0001){ref-type="table"}). Mean cholesterol was 4.2 ± 1.1 mmol/L, triglycerides were 1.7 ± 1.0 (median 1.5, IQR 1.1‐2.1), HDL‐C was 1.2 ± 0.4 mmol/L, and LDL‐C was 2.2 ± 0.9 mmol/L. Overall, 289,390 patients (75.6%) were on a statin and 95,995 patients (25.9%) were on some nonstatin lipid‐lowering medication---19 265 patients (5.0%) on niacin, 32 919 (8.6%) on a fibrate and 69 513 (18.2%) on fish oil (Table [S2](#edm2126-sup-0001){ref-type="supplementary-material"}). Use of all three medications was higher in patients with versus without ASCVD, on versus not on a statin and with higher triglyceride levels (Table [1](#edm2126-tbl-0001){ref-type="table"}). There have been only small changes in the use of all three medications over time (Figure [1](#edm2126-fig-0001){ref-type="fig"}), with use of niacin decreasing 11%, fibrates increasing 11% and fish oil increasing 4% from 2013 to 2016.

###### 

Patient characteristics

                                 All patients n = 382,921   Niacin n = 19,265                                   Fibrate n = 32,919                                    Fish oil n = 69,513
  ------------------------------ -------------------------- --------------------------------------------------- ----------------------------------------------------- -----------------------------------------------------
  Age, years                     68.5 ± 11.7                69.3 ± 10.0                                         67.3 ± 10.6[^a^](#edm2126-note-0003){ref-type="fn"}   69.6 ± 10.3[^a^](#edm2126-note-0003){ref-type="fn"}
  Men                            56.6%                      74.6%[^a^](#edm2126-note-0003){ref-type="fn"}       64.5%[^a^](#edm2126-note-0003){ref-type="fn"}         61.0%[^a^](#edm2126-note-0003){ref-type="fn"}
  Body mass index, kg/m^2^       32.0 ± 6.9                 31.8 ± 6.2                                          32.7 ± 6.4[^a^](#edm2126-note-0003){ref-type="fn"}    31.9 ± 6.5
  HbA1c, %                       7.3 ± 2.0                  7.1 ± 1.9                                           7.5 ± 2.0[^a^](#edm2126-note-0003){ref-type="fn"}     7.1 ± 1.8[^a^](#edm2126-note-0003){ref-type="fn"}
  Glucose‐lowering medications   65.7%                      75.2%[^a^](#edm2126-note-0003){ref-type="fn"}       82.8%[^a^](#edm2126-note-0003){ref-type="fn"}         72.6%[^a^](#edm2126-note-0003){ref-type="fn"}
  Insulin                        18.6%                      22.7%[^a^](#edm2126-note-0003){ref-type="fn"}       29.9%[^a^](#edm2126-note-0003){ref-type="fn"}         21.5%[^a^](#edm2126-note-0003){ref-type="fn"}
  ASCVD                          68.7%                      82.6%[^a^](#edm2126-note-0003){ref-type="fn"}       75.7%[^a^](#edm2126-note-0003){ref-type="fn"}         75.6%[^a^](#edm2126-note-0003){ref-type="fn"}
  Coronary artery disease        60.9%                      76.6%[^a^](#edm2126-note-0003){ref-type="fn"}       68.1%[^a^](#edm2126-note-0003){ref-type="fn"}         67.9%[^a^](#edm2126-note-0003){ref-type="fn"}
  Peripheral artery disease      17.9%                      21.3%                                               21.0%                                                 19.5%
  Prior stroke                   12.0%                      17.3%[^a^](#edm2126-note-0003){ref-type="fn"}       15.0%                                                 15.4%[^a^](#edm2126-note-0003){ref-type="fn"}
  Heart failure                  25.9%                      26.4%                                               25.7%                                                 24.8%
  Atrial fibrillation            23.4%                      22.6%                                               22.0%                                                 23.8%
  Chronic kidney disease         9.6%                       10.3%                                               13.4%[^a^](#edm2126-note-0003){ref-type="fn"}         10.5%
  Current smoker                 14.3%                      14.7%                                               15.8%                                                 12.2%
  Statin                         75.6%                      86.5%[^a^](#edm2126-note-0003){ref-type="fn"}       82.2%[^a^](#edm2126-note-0003){ref-type="fn"}         83.5%[^a^](#edm2126-note-0003){ref-type="fn"}
  Total cholesterol, mmol/L      4.2 ± 1.1                  4.0 ± 1.1[^a^](#edm2126-note-0003){ref-type="fn"}   4.2 ± 1.1                                             4.1 ± 1.1
  HDL cholesterol, mmol/L        1.2 ± 0.4                  1.1 ± 0.4[^a^](#edm2126-note-0003){ref-type="fn"}   1.0 ± 0.3[^a^](#edm2126-note-0003){ref-type="fn"}     1.2 ± 0.4
  LDL cholesterol, mmol/L        2.2 ± 0.9                  2.0 ± 0.9[^a^](#edm2126-note-0003){ref-type="fn"}   2.1 ± 0.9[^a^](#edm2126-note-0003){ref-type="fn"}     2.1 ± 0.9[^a^](#edm2126-note-0003){ref-type="fn"}
  Triglycerides, mmol/L          1.7 ± 1.0                  1.8 ± 1.1[^a^](#edm2126-note-0003){ref-type="fn"}   2.3 ± 1.3[^a^](#edm2126-note-0003){ref-type="fn"}     1.9 ± 1.1[^a^](#edm2126-note-0003){ref-type="fn"}
  \<1.7 mmol/L                   60.0%                      55.4%[^a^](#edm2126-note-0003){ref-type="fn"}       37.5%[^a^](#edm2126-note-0003){ref-type="fn"}         54.3%[^a^](#edm2126-note-0003){ref-type="fn"}
  1.7‐2.2 mmol/L                 19.0%                      19.5%[^a^](#edm2126-note-0003){ref-type="fn"}       21.5%[^a^](#edm2126-note-0003){ref-type="fn"}         20.0%[^a^](#edm2126-note-0003){ref-type="fn"}
  2.3‐5.6 mmol/L                 20.3%                      23.9%[^a^](#edm2126-note-0003){ref-type="fn"}       38.3%[^a^](#edm2126-note-0003){ref-type="fn"}         24.6%[^a^](#edm2126-note-0003){ref-type="fn"}
  \>5.6 mmol/L                   0.7%                       1.2%[^a^](#edm2126-note-0003){ref-type="fn"}        2.8%[^a^](#edm2126-note-0003){ref-type="fn"}          1.1%[^a^](#edm2126-note-0003){ref-type="fn"}

ASCVD, atherosclerotic cardiovascular disease (ie coronary artery, peripheral artery or cerebrovascular artery disease); HDL, high‐density lipoprotein; LDL, low‐density lipoprotein.

Indicates standardized difference \>10% in comparison with those patients not on the particular medication.
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![Use of non‐LDL‐C lipid medications over time](EDM2-3-e00126-g001){#edm2126-fig-0001}

4. DISCUSSION {#edm2126-sec-0006}
=============

In a large cohort of patients with T2D, we found that lipid levels were not markedly abnormal. Non‐LDL‐C lipid‐lowering medications were not infrequently used in patients with T2D, with an even greater use in those with established atherosclerosis. Furthermore, in patients with triglyceride levels \<1.7 mmol/L, we found that 5% were on a fibrate and 16% were on fish oil and 5% of all patients were on niacin. Finally, we found general stability in these rates over time, indicating that practice patterns do not appear to be rapidly changing. Greater attention is needed to focus lipid‐lowering strategies to those with proven cardiovascular benefit.

A prior analysis examined use of nonstatin lipid‐lowering medications in elderly patients with coronary artery disease from 2007 to 2011 and found that 5% of patients were on fibrates and 3% were on niacin.[^16^](#edm2126-bib-0016){ref-type="ref"} Patients with diabetes were more likely to be treated with a nonstatin lipid‐lowering medication, although this analysis grouped all nonstatin medications together (including ezetimibe and bile acid sequestrants). Furthermore, this study showed fairly stable rates of fibrate and niacin use over 2007‐2011, despite the fact that the pivotal trials showing overall lack of cardiovascular benefit with these medications were published during this time frame. The rates in this study were lower than what we observed in our DCR cohort, which likely reflects the lipid abnormalities associated with diabetes. Interestingly, we also observed stable rates in use from 2013 to 2016, indicating that knowledge regarding the appropriate use of these medications with available evidence base has yet to penetrate routine clinical practice.

There are limitations to our analysis that merit further discussion. First, we do not have pretreatment lipid levels to know whether a patient\'s triglycerides were markedly elevated, making treatment with fish oil and/or fibrates appropriate. Second, while over‐the‐counter fish oil and niacin are often documented in electronic health records, we cannot know whether a patient was taking these supplements without the knowledge of the physician. Third, fibrates appear to have some benefit in reducing nonfatal cardiovascular events in statin‐intolerant patients, and fish oil has previously been recommended in cardiology guidelines for secondary prevention of coronary artery disease. As such, some patients with established ASCVD were likely given these medications for these reasons. Furthermore, with publication of the trial with high‐dose icosapent ethyl[^9^](#edm2126-bib-0009){ref-type="ref"} and ongoing studies of fibrates with statins in high‐risk patients, guidelines may again change for patients with ASCVD and elevated triglycerides. Fourth, our cohort had a high prevalence of ASCVD, which was associated with higher use of all 3 classes of non‐LDL‐C lipid‐lowering medications. As such, overall use numbers would be expected to be lower in a general T2D population. Finally, we cannot document harm from any apparent overtreatment with nonstatin lipid‐lowering medications.

In conclusion, we found that medications that target non‐LDL‐C lipid fractions are commonly used in patients with T2D, which likely reflects the underlying lipid abnormalities associated with T2D/insulin resistance. As clinical trials have thus far demonstrated little cardiovascular benefit from taking these medications, greater attention is needed to focus the use of lipid‐lowering medications to those with proven benefit.
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